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1.0 Introduction

The primary goal of the processing , data reduction , and scientific

analysis of solar wind data obtained from the M.I.T. experiments on

SOLRAD h A  and 118 , was to prov ide real—time solar wind parameters to

DOD users. The secondary goal was an extraction of detailed parameters

describing the solar wind in the magnetosheath as well as in the

interplanetary medium . It was hoped that special attention could be

given to period s of special scientific Interest and that the high time
resol ution mode of the instrument could be used to advance our knowl-

edge of’ the nature of magnetohydrodynainic processes in the solar wind .
In particular , the first month of operation seemed to hold special

promise for interesting physics since the two SOLRAD 11 spacecraft were

close together as they orbited Earth. An additional hope was that the

high time resolution data could be used in combination with rad io

scintillation measurements to find the source of’ f luctuations in the

wind which caused the- scintillation phenomenon .

Most of the anticipated outcomes were partially achieved ; but as

will be discussed below , the potential of the experiment could not be

fully exploited .

2.0 Real—time data

Preparations were made before launch for a rapid analysis of the

real—time data and calculation of the velocity , dens ity ,  temperature ,

and flow direction of the interplanetary wind . These parameters were

to be sent in close to real time to NOAA where they were to form a

portion of the SELDADS data base . The effort got off to a very slow

start: the progress prepared by M.I.T. were ready; but the cut in

funding at NRL had reduced their staff to such a point that operational

matters had to take precedence over data analysis. Although SOLRAD was -

launched on March VI, 1976, there remained several months before the

problems at NRL were cleared up. The data were finally sent to NOAA in

1977, and the problems at NOAA were not solved until late in 1977. In

the intervening period , the data system had begun to scramble our data

by rotating the sequence of bits which represented a complete spectrimi .

A good portion of our effort at M.I.T. was expended in decod ing the

S
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• I rotated data and developing an analysis system which could retrieve the

data in most cases. That program was sent to NOAA where it began to

function normally. NOAA itself was plagued with a severe funding

shortage and much to do. SOLEAD had a low priority late 1977. The

interaction with NOAA required our cl arifying the data sequence from

NRL for them . At long last the whole system worked. Meanwhile , SOLRAD

h A  had failed totally in an eclipse.

3.0 Detailed analysis of data

The full description of this process and the scientific results
are contained in a S.B. thesis by Michael Herrera. The thesis is

included in this report as Appendix A . Briefly, he describes the
detailed analysis process and presents results from different regions

around the earth. The determination of the parameters of the dis—

tribution function in the magnetosheath is of considerable interest.

The aolar wind interaction is of considerable interest. The solar wind

interaction with Venus can be characterized in a similar way. (Shefer

~~~~~~ 1979).

ILO Periods of specified scientific interest

SOLRA D solar wind data analyzed at M.I.T were available more

rapidly than those from other spacecraft. They were used for diverse
purposes.

• In August of 1976, the third section of the Skylab workshop on

coronal holes was held in Boulder, Colorado. Good correlation had been

established by the M.I.T. and American Science and Engineering groups

between high—speed solar wind streams and equatorial coronal holes

viewed in soft x—rays . Solar minimum appeared to be in progress as

Judged from the absence of optical and UV coronal features. It was

SOLRAD data which showed the continuing presence of a high speed stream

and , hence, showed that the relationship to coronal processes was more
subtle than had been assumed .

The relationship between coronal holes and the solar wind was
studied in more detail in the paper by (Nolte ~~ .~~~~

.,, 1977) in which
SOLRAD and IMP solar wind observations were used in comparison with
x—ray coronal images to show that high speed streams were very much in
ev idence despite a very quiet corona . The authors concluded that

2
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either coronal holes were not the sources of all recurring high—speed
solar wind streams or that there was a change in the appearance of
regions- which gave rise to the open magnetic field line configuration

thought to promote the emergence of high—speed streams. The same
observations were reported at the American Geophysical Union Spring
Meeting (Sul livan~~~ .~J,.,, 1977).

The SOLRAD data were also of considerable assistance in estab—
lishing a cross calibration between the Voyager 1 and 2 solar wind
instruments, which had a ten per cent uncertainty in cal ibration , and
the SOLRA D instrument , which was calibrated to ~ three per cent .

5.0 High—time resolution and close~supcecraft data -

A great disappointment in the progress of” this work is that we
were unable to exploit these two features of the mission. The reason

is a mixture of lack of personnel and data . It should be clear that a

good deal of our effort was expended developing an algorithm to correct

the data . - Furthermore , the amount of high—time resolution data was

quite limited since we did not wish to (nor were we allowed) to preempt

time from other experimenters for our special data mode .

In practice , that meant that the high—time resolution data are

only available near the end of the SOLRAD 11B lifetime when all the

other operational problems of the spacecraft settled down . We cer-

tainly cannot object——it is clear that the limited funds available at

NRL forced an heroic effort to keep the spacecraft alive at all.

Nevertheless , there Is still potential for good physics in the data

that are available.

The data from the two SOLRAD spacecraft taken when they were near

to one another are also potentially valuable , but far from complete as

shown in Table 1.
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Table 1

Data Received at M.I.T.

Pass
1976 Experiments not turned on

84 - 89 7 — 11 S/C close together . -

missing (tapes available at NRL)

177 — 274 82 — 160

275 — 161 —
1977 — 05 — 238 liB S/C timing circuit failure

missing

97 - 116 312 — 327 Experiment on L1A failed - Day 116

11B Data bad, Day 133

h A  S/C failed, June 1977
missing
236 — 255 424 — 439

missing

296 — 472 —
1978 — 20 — 543

30 — 59 552 — 575

Only four days of close data had been received by early 1979,
therefore, we had no opportunity to explore the potential of the data
though they are available in principle.
6.0 Personnel
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ABSTRACT

This is a research report on analysis of Experiment 15 on the Solrad h A
And Solrad 11B satellites being done at the MIT Center for Space Research.
This experiment involves plasma detectors that measure current within differ— 

-ential energy channels for positive ions and electrons. The satellites
transmit data from the solar wind and magnetospheric regions. This report

• will concentrate on a preliminary analysis of the positive ion distribution
functions determined from the Solrad data. A graphics display minicomputer
and separate Fortran programs serve to determine characteristic parameters
of and plot the distribution functions.

THESIS SUPERVISOR: Alan J. Lazarus 
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• CHAPTER ONE - C
INTRODUCTION TO SOLRAD

Our earth’s magnetic environment offers an ideal opportunity

for the study of a collisionless shock in a plasma. With a long mean

• free path and relatively - long Debye length, of about ten meters, of the

plama surrounding our earth’s magnetic field, a satellite is an tdeal

probe for surveying the characteristics of this plasma.

The following diagram illustrates the basic magne tospheric regions

about the earth and its interaction with the solar wind .

M.qr.eIo4.d - CPlosmosphv. 
/

-

~

_._—•, mogn tcsphere

M.gn,Iepousi

(diagram taken from Vasyliunas) -

. The solar wind is a stream consisting of protons and alpha

particles flowing from the sun. 
• 

It reaches the earth with an average

velocity of around 400 km/s with a density of about 10/cc.

The magnetopause is the boundary ofl~ the earth’s magnetic field.

It is located at a distance where the pressure due to the solar wind

is balanced by the magnetic field pressure . The density inside of the

magnetopause boundary is much lcss than tha t found outside of it as

-10—
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the magnetic field is generally impermeable to the plasma flowing past it.

Since the solar wind is hypersonic at the earth (with Alvin wave •

speed on the order of 50 km/s), a detached shock wave exists upstream

from the magnetopause. This marks the outer boundary of the magnetosheath.

The magnetosheath is qualitatively very different from the solar

wind. A collisionless mechanism at the bowshock raises its temperature

and density to values considerably higher than the solar wind. The bulk

velocity is reduced and its angle shifted. Also , there exists the

phenomenon of a high energy tail in the tnagnetosheath spectra that differ

from the Maxwellian nature of the solar wind spectra.

• Experiment #15 aboard Soirad h A  and Soirad 11B detects ions and

• electrons of plasma in the solar wind and magnetospheric regions.

• These satellites orbit in a plane close to the ecliptic at a geocentric

distance of 20 earth radii. They spend approximately equal time in the

solar wind and in the magnetosphere.

The two satellites were launched simultaneously and remained

close together initially but were later separated by 1800 so that one

spacecraft is always in the solar wind. This also enables more complete

tracking by tracking sites in Blossom Point, Virginia and in the Arcetri

Observatory, Italy, the latter of which has only one antenna.

This report is a record of ongoing research at MIT’s Center for

Space Research. -
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— CHAPTER TWO

INSTRUMENTATION - THE FARADAY CUP

At the heart of MIV s plasma experiment is a Faraday cup. It is

comprised of a modulated grid situated between an aperture and a collector

plate in a cyl±ndricai package that points to the sun. The grid

modulation select s the differential energy window from which the average

value of the distribution function is calculated . This value isa function

of the amount of current striking the collector plate and the wid th

of the energy window .

- trisected collector plate

the faraday cup 
-

The voltage on the modulated grid is a 500 Hertz square wave that

alternates between two voltages referred to as VIII and VLOW. The DC

current from the collector is caused by positive ions with an energy

per unit. charge associated with V , t he z — velocity component , that

is greater than the instantaneously impressed voltage on the grid.

The difference in absolute current from the c~ollector between that

with the high grid voltage and that with the low grid voltage indicates

the number of particles in the energy range defined by these voltages.

This current difference is directly measured as an alternating current

—12—
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1800 out of phase with the modulating voltage.

The collector is divided into three sections of equal area. Utilizing

the ratios of currents in these sections,the angle of incidence of the

plasma relative to the axis of symmetry of the cylinder of the Faraday cup

can be calculated to within 20. - -

Circuitry controls the AC and DC components of grid modulation

separately. ‘Electrometers ’are AC coupled to each collector section.

- I Any problem with the DC photoelectric effect is sufficiently eliminated

with the AC coupling. •

Current data are transmitted from the spacecraft by means of data

numbers that correspond logarithmically to the inverse of the current as

follows ( for DN the datanuinber and CURR the current ) .
L DN 255. + ln(6.94 x 1O~~

3
/CURR)/1n(1.O367)

This is accomplished by a logarithmic Analog/Digital converter.

In this manner currents through a range of four orders of magnitude

can be encoded. Each data number is written as a hexidecimal pair with

— 
- 00 corresponding to 6.806 x 1O~~ amperes and FF corresponding to

6.94 x 10—13 amperes. Because the current/data number conversion is logarithmic 4

the limiting error due to discrete datanumbers is constant throughout the range.

In our experiment 24 contiguous energy channels, detecting the

positive ion component, range from 241 ev to 4279 ev for protons and

from 482 ev to 8559 ev for alpha part4.cles.

One large energy channel, the 30th, measures the total current

from ions striking the collector within these energy limits. The currents

from each individual sector of no. 30 are registered in channels 31,32,and 33.

A second Faraday cup positioned 90
0 from the sun measures the electron

component of the solar wind. 
• 

- 
-
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Current density for a collection of particles each with individual

charge q and overall number density n equals nq~ when all particles have the 
C

• 
same velocity . The current collected at the collector of the faraday•

cup must therefore be equal to the average value of (nq~)•A(~)ui where A (~)

is the area of the portion of the plate that is illuminated by the plasma

and ft is the normal to it. Thus, taking into account the transparency,r,

of the grids, the expression for the current is -

- 
- 

i ~nq &Ev1 f(~)A(~)d~

which is integrated over the •appropriate limits for v .  f(~) is the velocity

distribution function.

To determine an expression for f(v4) we assume that it can be considered

cônstant within each energy window, and we consider the angle of incidence

and plasma temperature small enough so that A(v~) can be considered constant

( the aperture area is smaller than the collector area — in Chapter V the

error resulting from making such an - approximation is considered ). Then

— the expression for f~, the distribution function value in the nth channel

is given by
I .

• ~~~ 
n

rnq 
7j~~v d ~

for I the current in the nth channel and the limits corresponding to the

range of the channel.

We see that the integral expression in the denominator is proportional

to (v25)
2 — (v10)

2 and therefore to the energy width of the channel , ~E,1. As

I am considering only relative values for f~. normalization is not considered

• 
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and the following expression is used without the determination of k: -

k I n -

(q/m)~ E5

Plots of the Distribution Function

The Techtronics 4051 computer was then used to make plots of spectra

for the data transferred from the original data tape. The abscissa was

scaled to show v
~ 

of protons with each tic mark corresponding to 100 kin/s.

The spectra could then be seen on linear or semil.og plots.

The ‘15 Spectra’ program inputs the datanumbers for 15 cycles from

a tape file in the da ta car tridge. From each it calculates , from the

above formula, the value of the distribution function. These values are

placed in an array F(I,J) dimensioned as F(24 ,15) where the I corresponds to the

channel number minus one and 3 to the index number that is used to

reference each individual spectra.

The VIEWPORT function in the program allows the graph to be p laced

in different portions of the screen. The following pages show distribution

functions in semi—log plotted for various regions: the solar wind , bovshock ,

magnetoshea th , and magnetopause regions. The parabolic appearance of the

solar wind plo ts is consistent with the Maxwellian function being known to

provide a good f it for these cases. The magnetosheath examples cannot be

closely fitted to a Maxwellian and Chapter V shows that a Kappa distribution

may provide a very close f it.

These graphs, and others I compiled , seem to hold much information

regarding the changing of plasma parameters in the bowshock and magnetopause

regions and more investigations will be done of these crossings. One problem

to overcome is the separation of proton and alpha—particle components.

Another factor making the analysis more complex, is the existence of multiple

15 
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Bhock crossings. Temporal fluctuations can be noticed in certain spectra C
resulting from a bowshock crossing occurring while the current measurements

are bei~g taken. How rap idly the change is from the magnetosheath to the

solar wind portion of the curve can give an indication as to the shock’s

thickness dlvidedby its speed. Prom the intended analysis of shock

velocity, significant values of thickness and speed might be obtained .

• The dots placed below the distribution curve represent the lowest

value of f~ that can be rlotted for each channel. They each correspond

to the datanumber F? which signifies that the original currents are

6.94 x amps or below. - The numbers on the top left  hand corner of

the pages contalning 15 plots refer to the year and day number of the

year. The numbers found in each graph are the hours. The

axes have the following scale.

.
-

-

(q/&f~ 
-

10. 
I

-
~~ 1

Ij e

1 4 m  -

__•___ J-t I S I I I I I

v 17 ~ in divisions of
• fm, / q , 100 km/ s

The proton and alpha particle spectra are superimposed on the graph.

A computer summation of a typical case with two Maxwulhians on a semi—log

plot is shown below. The alpha—particle peak is located at an abscissa

/2 times greater than that of the proton peak (as is expected for both

components having the same bulk velocity). -

16-
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Page 10 shows a ser~es of solar wind samples. Their shape is the

expected sum of two Maxwellians, with the alpha—particle peak at v~

- 

- 
times the abscissa of the proton peak. Bulkspeed is around 600 km/s. The

relative density (from the ordinate being qf/ni) of alpha particles to protons

~ 6% by number assuming -both components have the same thermal speed .

• Page 11 shows a series of magnetosheath samples. Thermal speeds

are increased so that identification of each component is made difficult

(this is further explained in chapter 5). Magnetosheath particles, as

• is observed here have a characteristically smaller z—component of bulk

- velocity (from both the reduction of bulk velocity and the geometry of

the shock) . The a—component of bulk velocity, bulkvz , is in this sample ,
- 

350 km/s.

On page 12 is found an excerpt from a series of mul tiple bowshock

- 
- crossings. The solar wind speed is seen to be about 400 km/s. The

~~~~~~~~~~~ that is found in these magnetosheath spectra seem to indicate

a certain superposition of particles with the solar wind distribution. An

example of the temporal fluctuations, mentioned on page 7 , seems to be in

the spectra at hour 2323 at the 300 km/s position. The high—energy

particle fluctuation in 2325 seems intriguing. It might signify a periodic

temporal fluctuation, between magnetosheath and solar wind states, having

• a period on the order of 1 sec. 
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Considerable information is unfortunately lost within the 112.5

• seconds between plasma measurements near a bowshock as many shock crossings

would pass unno ticed . The fast mode should be utilized more often to

enable virtually all crossings to be observed in any pass.

A series of magnetopause crossings can be seen on page 13. A

decrease in density, where the true spectrum often falls under the F?

curve 1 is most evident. 
-

Projections of three—dimensional graphs showing the distribution

function vs. time are found on pages 14 to 17 . This provides an informative

perspective for viewing temporal (and possibly spacial) changes within

each energy interval. The density variation in the solar wind spectra

on -page 14 may indicate a regular compressional wave. In the magnetosheath

sample on the following page, regular variations also seem apparent. C
Although a bit more difficult to visualize, the ‘plateau’ on page 16 shows

the magnetosheath spectra in the middle of a double crossing of the shock.

Page 17 shows a magnetopause crossing where the peaks along the time

dimension signify the magnetosheath.

Two parallel lines in the t—v plane indicate the minimum and maximum

velocities that Soirad can detect, 215 km/s and 905 km/s. The range of

the time domain is listed under ‘Solrad h A ’  or ‘Solrad 11B ’.
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CHAPTER THREE

SOLRAD’S ‘ANALYSIS’ PROGRAM

The purpose of the ‘Analysis’ program is to return values of the

plasma parameters of z—component of bulkspeed (SPEED), density (DEN),

most probable thermal speed (THSP), and the temperature (TEMP) , and

provide the values of angles, including THETA, the angle of incidence,

involved in the analysis, from the original data tape. The WIND

sub~outine of this program provides the derivation of these four

parameters by rough numerical integration of the zeroeth, first, and

second moments of velocity. These integrations are done over a

significant portion of the distribution function, where the limits must

be determined by the position of the peak channel of the distribution.

• The variable F(J) used by the program is proportional to a ‘differential

• density ’ of the plasma. It is defined as the current in the Jth channel

divided by the average velocity detected by the channel. That is,

P’J’ CURR (J) 
= 

CURR (J)
‘ V(J) ½ (vl+v2)

for vi and v2 the velocity limits of the channel . This equals the density

of only those particles within the energy limits of the channel times the

charge per particle times the area of collector plate illumination.

The distribution function’s average value in the nth channel equals
- k CURR(J) ~ URR(J). ~ F(J)

n (q/m)~E~ ½ (v2—vl)(v2+vl) ~~
as is expected from the definition of distribution function (f an/av)

and 7(3) for ~E3 
the energy wid th and the velocity width.

The program wrongly seeks the channel of highest F(J),which varies

as the distribution function only when the velocity width is constant.

S . 

_ •
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~ 0 For the solar wind samples, consecutive channels near the proton

peak vary to a ~-3reater extent than in a magnetosheath sample. This large

variation overcomes any effect from not considering the distribution

function and none of the solar wind spectra seem to be affected by the

error. In the magnetosheath, however, with greater thermal speeds, the

distribution function varies less between adjacent channels so that this

error often causes the computed bulk velocity to be greatly shifted to

the right, to a velocity within or near those associated with the 12th

or 13th channel where the energy width increases and therefore the velocity

width changes the greatest amount from the channel one below it in energy.

Lines 30 to 31 of the program determine the peak of F(J) .

The region of integration is taken to be from three channels below

to three channels above the max imum flux channel ( channel M ) if these

5 channels exist ( see lIne 35 ). In the required integrals, the correct

automation expression involves the current flux. Consider the density.

/ F(v)dv ~ Ef ~v and therefore f F(v)dv ~ ZF(J).n n

-Thus it is the following summations that are calculated in lines 36 to 46.

DEN = C
5 

EP(J) 
- 

-

SPEED C
3 

EV (J)F(J)
C
5 

EY(J) I

T~1P and THSP are calculated from DEN, SPEED, and the second

moment t V2(J)F(J) . 
.

5 The E represents summation over the seven chosen energy windows .
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When the analysis is applied to the magnetosheath, two other - S
problems arise. First, the maximum flux channel is found too close

in energy to the lower energy limit of the apparatus so that the M—3

channel does not exist ( as a proton channel ). This is because the

plasma’s z—component of bulk velocity is considerably decreased ( by

approximately a factor of two ), from the geometry of the bowshock

and its mechanism of collision, from its previous value out in the

solar wind. The analysis program does not attempt to determine any

parameter and returns a —100. for each as can be seen in the data.

The second problem with inagnetosheath spectra is that there is

a greater error in the density calculation because the seven energy channels

are not as sufficient as for the solar wind samples. - 
-

To provide a means to test this analysis, the Soirad ‘Currents’

program was developed so that currents expected in each channel could

be derived from the plasma parameters. In the next two chapters can be seen

the comparisons between the observed currents and those expected from the

determined parameters.
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0 CHAPTER FOUR

SOLR.AD’S ‘CURRENTS’ PROCRIAN

Description of ‘Currents’ program

The currents program simulates the datanumbers that correspond to

the twenty—four contiguous positive—ion energy channels and one large

energy channel from the given information of plasma z—component of bulk

velocity, most probable thermal speed, and n~umber density.

The current from each channel is computed by a three—dimensional

integration over velocity space. As we presently do not consider

predicting the separate currents from each of the three sectors , the

• symmetry of the detector lends itself to a two—dimensional consideration.

However, this program was adapted for Soirad and it was originally required

to consider the three velocity components separately.

In addition to calculating the current expected from the direct

effect of grid modulation, the program takes into account a refrac tion

effect. This is caused from a grea ter par ticle refrac tion with the

Impressed grid modulation at VHI volts than at VLOW volts (for VIII and

• VLOW the upper and lower limits of the square wave voltage).
Without the effect of refraction,

H 
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•
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As the grid voltage varies, so does the collector current, at

1800 out of phase. The refraction effect subtructs a greater amount

of collector plate DC current at grid voltage VHI than at grid voltage

VLOW when the plasma image of the aperture does not fall entirely on the

collector . This is because, at a non—zero angle of incidence, the

center of the aperture image is displaced by a greater amount from
I 

- .
the center of the collector at VHI and the plasma would illumina te a

smaller part of the collector, as shown in the previous diagram.

Integrating v~ between the limits of the considered channel

calculates only the current not produced by the refraction effect .  To

take it into consideration v must be integrated out to positive

infinity, since all velocities greater than the threshold velocity

(for entering the grids) can contribute to the refraction effect. The

necessary integra tion , performed numerically in this program is as 0
follows (using the notation from page 5 ):

4•. 41 41 ~~~~~~~~~ ~~~ 41I — tqn(( f/t v
z

f(v)A(v)dv
x

dv
y

dv
z)v,,VHI

_ ( III v f(v)A(v)dv
x

dv dv
z
)
v,vLQw

)

for vl~ and v2~ velocity limits in the nth channel, since the first

term corresponds to the absolute current at VIII and the second to the

• absolute current when the grid voltage is VLOW. The diff erence of these

two terms corresponds to the AC component of current expected (CURR(NC}1AN)

for NCHAN n). - 
-

f (;) is taken to be a )faxwellian specified by the input parameters.

the area of the collector that is illumina ted by the plasma, is

calculated from the geometry of overlapping circles. A full description

of the program can be read in Appendix A.

H . 
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Q The ‘Currents ’ program ye t does no t consider the effec t of alpha

particles. If the analysis program were to be modified to determine the

proportion of alpha par ticles in a spectra and roughly their thermal

speed , the considera tion of alpha—particles by ‘Curren ts’ would be an

immediate consequence.

ii

Computational results

- To determine how closely the ‘Analysis’ program and ‘Curren ts’

program are inverse ‘functions’, the WIND subrou tine was made into

‘Wind2’ so as to accept the datanumbers punched on cards by ‘Currents’ -

and analyze the produced currents. By inputting into

‘Currents’ a set of parameters, any deviation from these in the output

• 
- of ‘Wind2’ is then noted.

Resu1ts~sbbwed that the velocity correlation is phenomenal, to -

within .8% when thermal velocities reasonable for the solar wind are

considered .* A fairly large discrepancy is found with density and thermal

speed . The density discrepancy, as expected , increases as thermal speed

~is increased: For V 400~~~~ thermal speed equal to SO~~~~ nsity is

off by only about 2%•t However , a thermal speed of 100 km/s reduces the

density by almost a factor of two and the thermal speed is off by —38%.

Apparently the ‘Analysis’ program is not integrating over a suff iciently

large range of the distribution function. A further analysis of this

problem is necessary with regards to modify ing the analysis program to

enable a more accurate analyzation of the magnetosheath spectra.

. * Velocity is off by as much as -12% for thermal speed 100 km/sec.

- 

- 
t Thermal speed is off by about 8%. 

-
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Graphic Results

- For comparison, the Techtronix 4051 graphics system was used

to plot the distribution function computed from the datanumbers produced

by ‘Currents’ on the same graph as that derived from the original data.

The following pages show the original data in dots or (+) and

the expected distribution from the ‘Currents’ program with a solid

H curve. The discrepancies talked about in Chapter Three concerni4

the -magnetosheath samples are evident from these plots. That the

- ‘Analysis’ program was not designed to properly analyze inagnetosheath

data is apparent. When the lower energy distribution values do -

not vary rapidly enough the curves are found to shift to center

— • around the 12th or 13th channel. This can be noted from the linear

- 
plot on page 32. From this it is apparent that the error is large.

The solar wind spectra match very well in all parameters with C
• a slight discrepancy again observed in density.
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CHAPTER FIVE

GRAPHIC KAPPA AND M~XWELLIAN FITS

The Techtronix graphics display can also be used to make an

analysis of the spectra by plo tting a theore tical distribu tion

function of v ,vhose parameters are determined by trial and error ,

that fits the observed function. 
-

Each parameter of a Maxwellian or Kappa- distribution function

can be changed by using a ‘user definable key ’ on the console.

The Kappa velocity distribution is of the following form:

• 41
n F (K+1) Iv—vbulk l —(K+l)f (v) — ir~’u~ ~r(K-½) 

( i t

• This distribution function is thought to provide a good f i t  for

spectra in the niagnetosheath. The Kappa distribution , which is a

statistical sum of Maxwellians, has one more adjustable parameter

I - 
than the Maxwellian, the valüe of kappa. The following page

shows a Kappa speed distribution (where the velocity distribution

function is multiplied by l _vb
~lkI

2) for cases of kappa equals one

to five and infinity. A Kappa distribution for kappa equals infinity

is a MaxweUian. The graph on the left shows each curve relatively

normalized while the one on the right sets each peak at a constant value.

As is most evident from the righthand plot, the Kappa distribution has ~
- 

-

a high energy tail,although its velocity distribution is symmetric.

Since in Solrad we can only deal with the z—colnponent of velocity,

a speed distribution analysis Is not possible. The velocity distribution

must be reduced to a one—dimensional distribution by integrating over

all v and v . The result, without calculating the normalization C is:x y

~~~~~~~ 

- 

- — 
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2Z (l+ V z )
K

For ease in fitting the data , the maximum Is cons trained to one

value (determined by one user ’s key). Thus, what is plotted is:

l I C  v
f(v ) C(1-f—) 1(1+ _4)

K
Z K K(s)1

Density, although the parameter is printed next to the graphs, was

- - not used as an adjustable parameter in obtaining the Maxwellian or Kappa

H fits. -

Results

- 
The results are promising. Magnetosheath examples are shown in

• 
pages -40 to 45 - It is interesting to note that spectra taken near

each other in time each have very closely the same relation to the

closest curve obtained as a fit.

The day 198 hour 205 spectrum on page 42 shows a magnetosheath

sample taken from very near the magnetopause .

Page 43 shows a case that seems to have kappa less than two.

Because of the alpha particle peak, the spectra- fits were

attempted around the proton peak and the highest energy points. This

is only justif ied when the sum of alpha and curves converges with

the proton curve at high energies. To determine whether or not this

convergence exists, the program was modif ied so tha t alpha par ticles

would also be considered . Page 44 , day 182 hour 1101 shows each

5 omponent separately together with their sum. It is seen to have

• the convergence necessary although a better fit could be obtained.

••:

~~~
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LI
•A closer f i t  for the alpha particles, however, seems to indicate (page 4~~ C
a smaller thermal speed which would conserve the convergence. However

it i~ seen that with a larger alpha—particle thermal velocity, the

convergence does not exist. A deeper analysis of this convergence

problem is warranted.

S

It is worth remembering at this stage what initial assumptions

were made for the distribution function to be calculated in the plotting

programs. It is important to check that that the error resulting from

approximations in the derivation of the formula used does not so greatly

affect the accuracy of each point that the curve fitting analysis would

not be valid.

For this purpose the ‘Currerr’ program was devised. It is the

‘Currents’ program, modified so that the AREA array alternates between C
describing the exact area response function and an ideal flat response

function (where tach element of AREA AI~l0RN). The current values

are measured at each channel with each response function and the

percentage deviation, of the currents calculated with the exact—area

response function from the currents calculated with the ideal response

function, is determined .

These values would then give an indication as to the error resulting

f rom considering the area constant (i.e. a fla t response) in the plotting
— program. The bulkspoed was considered at 500 km/s at normal incidence

on the detec tor and density at 5/cc . Thermal speed was var ied between 75

and 250 km/s to observe the relationship between the error of current in

a channel and the quantity w/v 5. - 
-

A. we consider calculations for higher thermal velocities, the

-46-
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0 largest curren t deviations are found in the low energy channels where

• it appears that the expected current is very low but the refraction

effe~ t is relatively high (since it is due to particles of energy

greater than that representative of the channel). There exists a very

low deviation in the high energy channels perhaps since the refraction

effect involves much fewer particles.
p

The negative deviation in low energy channels for low thermal

speeds is yet to be understood .

What is evident from the results of this program is that the

current deviation in the high energy channels is very small , as for

example to within 1% for channels 16 to 25 for the 150 km/s thermal

speed case. This is important to note when considering distribution

fi ts through the high energy points. The low energy points may,

ovever , be significantly be affected by choice of response function.

The ‘Currerr ’ program, it should be kept in mind, might need

to be revised since the AREA array is not the only thing in the program

that sets a limit to the response function actually determined in

‘Currents’.
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APPENDIX A I

0 SOLRAD ‘CURRENTS’ PROGRAM

The beginning lines of the program set the values of constants.

DIMENSION CU QR( 26 ) -

. INTE(3ER°2 1)4(26)
I’ITEGER 2 DAY,HOUR
REAL’4 NBULK,NTHEPM
DI MENSION A R E A ( 1 0 0 0 1 )
DI MENSION V O L T L O ( 3 2 ) ,  I’ ~~T~~’I(32)

DATA VOL TLO / 0• O , 2 4 O . g U . . T ,39 8~~7 ,4 7 J .6,S 4 Q .9 , 63 0 .O . 7 O 5 . 1 ,7 B ) . 7,~~
I6I.5,938.2.1015.S ,l17I. II~~I405.3 ,1660.(,1~~78 .0,2115 .5,2351.7,2SQ1.I
2,2831.3, 307 2.6,3314.4.  r~~ - .4,3800.6,4045.0,240.5/
DATA VOL IHI /0.0,319.3, -~~~~. 6,476.s,5,~~.6,627.2,7O7.8,783.),859.5,9
139.7,10I6.I,l17l.7,14’)~~. 1. 1 639.7,)873.1,dIlI.2.2348.4,2587.O,2826.
2O,3067.3,3305.2,3S48.3•~~1 I 9.2,4033.1,~.27d.7.4279.5/
DIMENSION XL (24),WL (24I.-~ I.12).W H(12)
DATA XL/—0 .981560634,—ID . ‘- - ‘.1)7256,—O . ‘69902674,—O.587317954,

1 —O.367R314q9,— •(-5233409, ,0.1252334O9,.0.367F~31499,
2 •0.5873I79S4,.C .~~~~ 9902674,.0.

’
~ 04l17256..0.98)5606~~4,

3 _O.981560634,_0. 204117256._0.169902674,_O .5873179c4,
4 O. 3678 3I499 ,_CI .~~~S233409, e0 . I2 5~fi3409, •0.367~ 3 I4Q9,
5 ‘0.58731 7954,.’). -~‘9902674, .0. ~041 17256, .0.961c60634/
DATA WL/0.047175336,0.1I -9393?6l0.160V78J~ 9,0.203l~ 74?7,

1 0.233492537,0.2--~~147046,0.249i47046,0.233492537,
2 0.2o3167427,o.1~~

- - -~7g329,o.1o~’9393~ 6,0.o47I7533f,,
3 0.047175336,0.l(’~939326,0.1600783~9.O.203P~,7427,4 0.?33492537,0.?’.’141046,0.24~u147046,0.233492537,S 0.203I67427,0.1’ O7B329,0 .10b~39i~6,O.O67)75336/DATA XH/—3,8S972490,—3 .c’~ 063703,—2.2/~ 50708.—1.59768264,
I —O .947788391,—o.31424o3’76..0..)14~40~ 76,,0.q477g83q1,
2 •I.59768264,.2.2/95O7O~ ,.3.Odu6370.3,.3.8897249O/DATA WH/2.6S855168F_ 7.8. ,73687O4 r_ 5.i.90bJ905B!~~3 ,5. 16079 RS~ E_ ? ,
I 2.604923 10f~— 1.5 . 7O1 3 52 3 —1 ,’ .701352 3 ’ .E—1,2 .604 923 I0 F— I ,
2 S.)6079856F—2,3.~~G53905RF—3.b.573bB704E—5,2.65R55)6RE—7/
DIMENSION VX (12),OT1SO(1Z),XSOU2)
DATA RC.RA /2.750,1.~ O/

DATA Cl,C2 /6.94E—13,l.0367/

The following variables are inputs to the ‘Currents ’ program:

DIAY,HOUR time spectrum taken

NBULK bulk velocity in km/sec 
I

NTIIEBII = the most probable thermal velocity in km/sec

DEN — the density of the plasma

BETA = shown below in degrees

JILFA shown below set equal to zero in -this present version

I S I I

I I 5 5  I
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original a,8 representation:
faraday cup
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P I
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-

~~~ 1
~ L subtended by v and Its projection onto the yz plane

- 

I ~ ~~ subtended by — z axis and projection of v onto yz plane

C1JRR(26) is array listing current values ~n channels 1 to 26 calculat2d
by the program -

DN(26) is array listing datanumbers calculated after each CURR array
is calculated

AREA(10001) stores the function relating overlapping area of solar wind
image and collector plate to the linear displacement of their centers

VOLTLO(32) , VOLTHI(32) VOLTLO(NCHAN ) and VOLTHI (NCHAN) are respectively
lower and upper voltage limits of the square ~~ve grid modulation in
the NCHAN .channel

~U.(24), WL( 24) ,xH(1 2) , wH( 12) are sets of constants used in the numerical • 
-

integrat ions

VX (1~ ),QTI SQ( 12) store intermediate values in th*’ integration

RC 2.75 inches— radius of collector plate

RA 1.5 inches— aperture radius I -
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- IVERS 7132
LOGICAL’4 ~W (5)
CAL L HACK (FW )
WRITE  (6 . 10 2 0)  F~~( 1) , Fw ~~1.IV EDS

1020 FORMAT (69H1CURRE”IT ON T H 1  FJLI COLLECIOR PLATE UST9G AN.EKACT AREA
1 CALCULATIO9. ,T II1 ,2A - I .?7H SOLRAD. ENERGY CIIAN’,tELS sT i ll ,
28HVERSION 16)

ICOUNT = 0
O O I I ~~~~1.29

1 CUQRI1) = 0.0

IVERS date of revision of program = 7132 — day 132 in 1977

HACK subroutine at LNS cotnrni t~at ion facility returns the date -the job is run

CURR array set to zero

the following values - are used for AREA(10001) determination :

- - P1 3.1415927 -- -

ANOR M PI°RA RA
TRC 2.°RC - -
TRA 2.RA
RCSQ RC°RC
RASO RA RA 

I

8401: (RC R A )  ‘~~2
BN02 RC0RC~ RA *RA -

8N03 ( R C • R A )  *02
HPSRSQ:0 .5*PI *( RCSQ.RASO)
VBAR — 110. -
0=i . 6021E-19
REM I  .6725?E 27
AN~ )0E5*O 

I

ANORM is aperture area
VBAR — —110. is suppressor grid voltage in volts

Q” 1.602 x 1O~~~ is elementary charge in coulombs

REM 1.67252 x io 27 is proton rest mass in kg

AN — lO6xQ = value used in normalization

Determination of function represented by AREA(10001)

The area of overlap, A, shaded in the following diagram, is determined

as a function of U , the displacement between the centers of the circles

A — area in sector ADC + area in sector BDC — area in ADBC

A - (f~)1r(RC)
2 + (f~~) 1rr (RA )

2 
— 2(½xU)

5 A~ ’ a(RC)
2 4.b (RA)2 -xU 

—

- 
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•

A’, 
., 

V/2’
)Ø7,7, ~

’ i 7II~~I_I

x — (RC) sin a — (BA) sin b I

• U2
+RC2.I-RA 2 

U2+RA2-RC2
cos a 2U(RC ) cog b — 

2U (RA) -

• 

I 
ARC1 — cos a — (U2+BND2)/(TRC.IJ)

) from defined terms
ARG2 cos b — (U2—BND2)/(TRA.u)

f rom * above:

=1 u2+~c~
_
~~~ 2 — 1 U2+RA2—RC2 2A cog ~ 2U~RC )RC + cos ~ 2U ~~ )RA — RA sin(cos

— 1 U~+RA 2 RC~— PA sin(cos 
~ 2U•RCTherefore :

A — RC2cos ’(ARGl) + RA2cos~~ (ARG2)~U(RA) sj n(cos ’(ARc 1))

- 

- This equation is used in the following DO LOOP:

- 
VELPRO-2 .~~0/REM

C ~• CALCULATE AREA OVERLAP AS FUNCTION 0~ DISPLACEMENT OF CENTERS OFC COLL ECTOR A ND PROJECT ION OF APERTURE 3NTO COLLECTO R
00 5 I~ 2.IOOOO
UZ2. ’R A * F L O A T ( I — I ) / I O O O O . *RC..PA 

. -

USO~ tJ~U
A PG)2( USU.8402)/ (TpC.U)
ARG2~~IUSQ—RN0 2)/(TRA *U)
AREAUIZHP SR SO .IRCSO•AR SIIUARG1)_RAS Q*ARSINIARG2)_U .RA *SQRT ((l._ARG
1?)’U..A4G2

5 CONTINUE
AREA(1):ANOR ’4

SLOPL*I0000./TRA
81sI0000.* (RA—PC)/TRA .1 .SC •*e*OIMEMSIONS OF METERS, MILUGRAMS. AND SECONDS EXCEPT FOR CUPC WHICrI IS 14 D,rI,1~~SC •‘. DEN IS DENSITY PER CC
*15*0
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- - I - The index I specifies 10001 values of U in constant increments

tram (RC—RA) to (RC—RA) and the area is -calculated for each I.

This enables addressing of AREA to get a sufficient approximation — 
-

to the area of overlap at specific abscissas in the integration .

I 

Area
ANORM

I 0 Displacement 5 (inches)
I + +

I 
- 

- 
INDEX ~ 

I INDEX • 10001

Determining INDEX from U: 
-

- INDEX = SLOPE-U + Bi for SLOPE and Bi given

since we let INDEX — 10000(U+RA—RC) +1.5 -

The value of 1 becomes 1.5 so that one obtains the closest approximation

to the fixed variable INDEX from the floating terms .

- I ALFA=ALF*O.0l745329
7 READ(5 ,l200 ,END 7777)DAY ,HOUR ,NBULK ,DEN,NTHE RM ,BE

1200 FORMAT( 13 , 15 ,F7.l , 3F5.l)
8 ICOUNT = ICOUNT+1

IF (ICOUNT,EQ.64.OR.ICOUNT.EQ.128) GO TO 8
C ~~~ NBULK= RADIAL VELOCITY=Z-COMPONENT IN KM/SEC

THE RM = NTHERM*1000
BETA = BE
BO=BETA*O. 01745329
COSAL COS (ALFA )
BULKVZ= NBULK*1000
BULKVY~ BULKVZ*TAN(BO) 

I 

-
BULKVX~’ 0
ALPHA=THERM** (-2)
DO 15 I = 1,12
vx (I) 

~~ 
( ()*THERM+BLJTJ((/X

15 CONTINUE
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ICOUNT — an index Ithatnumbers the spectra

If ICOUNT — 64 or 128 the values are not used since these values
and 0 specify the calibration modes

At the end of inputting all cards with parameter data at line 7

control is transferred to line 7777 where ‘NORMAL EXIT’ is written and

the program stops.

THERM — NTRERM~ 1000 — thermal speed in rn/s 
*

BO .0174 BETA =8 in radians
ALFA — .0174 ALP = a in radians -

BULKVZ = NBULK1I 1000 = z component of bulk velocity in rn/s
BULKVY — BULKVZ - TAN(BO) = y component of bulk velocity in mis
BULXVZ — 0.. = x component of bulk velocity

The ‘Currents ’ program is adapted and was originally designed for

a three—dimensional problem. It can be essentially reduced to a two—

• dimensional integration.By setting a to zero, our problem is a

two—dimensional one with the value for B corresponding to the value

of THETA in the Solrad ‘Analysis’ Program where the angle is computed.

The following diagram shows the velocity components for non—zero a:

- 

I 

~-~e 
I

H I

H I / Z~~~ flI  /
/~~~~ - 1 - I L Z

I ~~~~~~~~~~~~~~~~~~ I I I c ~~~
- ~~

H -  JJ -Y -y
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ /
/ 

_ _ _ _
———------

~~~
-—-- --4------’ ~~ V-~’, a*II——-, - ~-. / - 

I

/I 
-~~~~

VX(I) — XH(I) * THERM + BULKVX are the x—components of v~1ocity

used in t’~e Hermite numerical integration method described in page 56.

-

~ 

- 
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I

CONST = (6.45E_4 )*O .735 .AN*(ALPHA/ PI)**U .5)*DEN
- C ••• VBOT AND VTOP ARE LIMITS OF INTEGRAT IO N AS SET BY THE DISTRIaUTION

- C FUNCTION
VBO T :B UL KVZ_ 3. 5•THERM

- VT OP: EWL Jc VZ .3 .5*T HERM
- NCMAN 2

CURMAX O. O
77 CO NTINUE

C •.~ VLGRID AND VI4GRID ARE L IM IT S  OF INTEGMAT IO ~4 AS SET BY THE VOLTAGES ON
- C THE GRIDS

VLOW VOLTLO(NCHAN)
VP$I=VOLTHI (NCHAN )

- VLGR ID = SORT (VELPRO .VLOm)
VHGPIO = SORT (VELPRO•V’41)
IF (VLGRID.GE.VTOP) GO TO 170

- 
11:1 - -

IH24
VZ1L AMAX l (VLG~ I0,VP0Ti
V?1H 4MI~JI (V HGRIO,VTOP)

I IF(V~ 0T .LE.VHGRID) GO TO 17
IL : 13

- 
VZ 1H = VBO T -

- CONST — (6.45 x 10
4
)(.735)AN(y)ir 3

~
2
DEN for y ALPHA

is used immediately after the triple integration

- (6.45 x 10 k) converts sq.in. used in AREA to in
2

.735 — transparency, the fraction allowed through grids

5 AN — 106Q which converts density units from il/ cc to il/rn

yir 3/2 
— (.~ Ig) 3/2 yl/2 

— distribution function normalization times
constant used in Hermite integration

DEN — density of plasma in il/cc

VBOT = BULKVZ - 3.5 * THERM VTOP — BULKVZ - 3,5 * ~~~~~
- - - The v~ integration involves Gaussian Integration and limits are

therefore needed for the distribution function. With these limits, the

fractional deviation from the exact value is —7.4 x ~~~~~ within the

- accuracy of the integration method. I

VIII and VLOW become the upper and lower voltage limits in the

grid modulation.

VLGRID - (VELPRO VLOW) - (2Q VLOW/mp)
V}IGRID - (VELPRO-VIiI) = (2Q-VHI/m ~)

These are the velocity limits corresponding to the voltage limits.

- This is from QV — ½m~v~ , the relation between V and proton velocity limit.

1~ 
- 

-
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I

If ~rLGRID < VTOP at line 170 SU~~O — SUMHI — 0.0 so CURR(NCHAN) — 0.
in output since too few protons exist in distribution

1 
function above VLGRID.

The z—integration is divided into two parts- to take into account a

second effect producing a pulsated component of current (CURR(NCHAN)).

Both of the following contribute to the value of CURR(NCHAN):

(1) The, difference in number of protons admitted through at grid

voltage VIII and VLOW.

(2) The difference in area of interception of plasma image with the

collector plate at VIII and VLOW due to the refraction by the -

grid potential of protons entering at an angle to the cup’s axis.

(1) is given by the integral of the distribution function between

VLGRID and VHGRID and this integration is indexed by 1<1<12. Integration

of (2) is indexed by 13<1<24 and involves integrating over all velocities

above VLGRID. - o
VZIL maximum of (VLGRID,VBOT) — lower limit for integration (1)

: 1  
_  _  

-
. 

_ _  _ _ _  H
I I

That is, no integration is done below VBOT or VLGRID. Similarly with

VZIH — minimum of (VHGRID ,VTOP), no integration is done above VHGRID and

VTOP. 
I

If VBOT>VGRID we see that IL — 1 and III — 24 meaning that I would
vary from 1 to 24 perfo rming both integrations. . If VBOT VUCRID int egration

(1) is unnecessary due to a low distribution value and IL”13 and 111—24

so that integration (2) is performed with the lower1 limit equalling VBOT .
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Constants used in integration
I 

-
g 

- (2)
I a -~~~~~~ 

I

. 
I 

- I

-H
- 

I

AVABL and AVABH are midpoints in the region of interest , AVBEL

and AVBEH respectively half of the range in each. They therefore have

the values shown in the program. 
-

To accomplish the triple integration, there is a nest of three

DO loops , the outermost loop doing the v~ integration, begins at the

DO 120 statement. 
I

17 AVB EL = O .S . (V Z I 4— vZ 1 L )
A V A B L = 0 . S° ( VZ 1 k .V Z 1 L )

SI 
AVBEP4=O.S~~IVTOP—VZ1H)AVA Bn=O.5’ CVTOP .VZ 1p i )
LOOP O

20 VALUE=O. O
00 1~~O 1 1L.IH
IF( I .C ,E .13 G0 TO 22
VZ AV~ EL’XL (I) .AVABL
AVSE AVB EL
GO T O 24

22 VZ AVBE H*X i. ( I)  .AVA B H
AV~ E AVREH I 

I -

24 V ZIN V= 1 . /V Z

PART O*2./(REM*VZ*.2) I

- - : VLPART=VLOW °PART -

IF (LOOP.E0 1) VLPART VHI*’AR T
J F(VL PA RT .GT . 1 . )G0 TO 120
B 2.55 / (I .S O R T( I . — V L P A R T ) )  • 1.22/U. •SORTU. - VBAR*PART)).l.02

B is the term used to determine displacement due to refraction

as shown on page 56. Variable LOOP has value 0 or 1. Integration is

done once for each value . The integrations are identical except that

LOOP — 0 determines refraction for modulator grid voltage — VLOW and

LOOP — 1 determines refraction for modulator grid voltage — VIII.

H 

I
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PART - Q/ (¼m v 2) VLPART - VLOW.PART (for LOOP - 0)

— VHI PART (for LOOP = 1)

If VLPART > 1 DO loop continued with next index value since for

Q.VLOW > ½in~v~
2 or Q.vH I > ½inpv~

2 there would be no expected current.

Hermite Integration

I 

This is used for the v~ integration. 
. 

- I

~ 12p 
/ e X f(x)dx ’~ ~~kf(x k )

-
~~~ k-i

where xk are the zeroes of the Hermit-~ polynomial for n = 12. wi~ are

weight factors. The array elements XH( K) equal xk and WH(K) equals w,~.

The innermost integral is of the form

- 
ieT~

’x
~’x

’ .REA(vx~ i Vy’ ,vz’)dvx’

for ~~ BULKVX. Therefore we let x — ½vx — (vx vx’)/THERM. Then

dv~’ ‘y ~~dx , this constant appearing in the constant term in page 52.

xk XH(I) -(BULKVX-Vx(I))/THERM for VX(I) = v~ ’ — integration

variable . Finally , - 
- 

I

vx(I) — XH(I)*THERx:÷ BULKVX

are the x—components of the velocity used in the integration as in page 51.

Gaussian Integration

This is used for v~ and v~, integration.

12 - 
I

• 
11f(x)dx - 5
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I

~) for Xj  the zeroes of Legendre polynomial for n=12 . We want to evaluate
v2

functions of the form I f (v) dv where
Vi 

I

v2 v2— (vl+v2)/2 (v2—vl)/2
I f(v)dv = I f (v+ (vl+v2)/2)dv = .1 f (v+(vl+v2) ,/2)dv

vi vi—(v l+v2)/2 —(v2—v l) / 2

v2
Let x — (v/(1(v2_vl)/2). Then / f(v)dv —

vi

1 12v2—vl 
~ f(x)dx = ½ (v2—vl) Z w~f (x~).

—1 i—i 
-

This explains the derivation of integration constants on page 54

Calculation of refraction

• The refraction of one ion as it passes through the grids causes it to

traverse a horizontal distance 1 that is a function of tangential velocity

and the time of traversal. 

~~~~ D d1 + d2
V grid voltage

j 2 / I  _
- 1 

-

~~~~~~~~~

Let a
~ 

— accelera tion through d 1, and E = electric field.

- 
- a d — v t  + 51t11 in m d  1 z i

Let VT 
— /(v~ + v ) - initial tangential proton velocity. Then 

I -

—v ± /(v2 ..2~!)

S ~11
~ _QV/m~d 1 

— 
— ~~~~

d
i

V
~~ 

~~~~~~~~~~~
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L I
Because of time—reversal symmetry, for t2 

the time to traverse d2,

— 
m d 2v (1± /(1—QV/(l~m v

2 ) ) .
QV p 

I

Therefore, the total time, t, ~~

- mnv D -

t — t1 
+ t

2 
— —j~~

— ( 1—/(i—QV/ (½m v2 ) ) .  -

- - The sign is negative so that t = D/v 2 for V — 0. Therefore,

my D(1-/(1-QV/½m v2)z p z  V 
_ _ _ _ _ _l v t v  — T (  )T T QV(i+/(i-QV/½umv 2) - v

~ 
1+ (1—QV/½m v2)

Let B 2D + 2D + 1.02
- i+/(1—QV/½m v2) 1—v’(i-Q~VBAR/I~m v2)p z  ~~z o

Then 1 = B. B is shown in the program section on page 54.

~O 1 —VL~~(RA.PC)/R .

TOP=-BOT -
AL IP4 AMAX 1 (80T.BULKVY ~2.~~~TlER’4)
BLIM=AM IN) (TOP ,BUL.KV Y.2.’T’iERM)
IF (RLI M.LE.ALIM ) GO TO 185
AVUE1=O .5*(ALIM—A LIM ) - I

AVAB1=O .5•(BLIM .ALIM ) - ¶
00 25 L=1.12 - 

-

OTI=V X(L).VZINv
OTISU(L)=OT1*OT1

C ••~ A = DISPLACEMENT OF SOLAR WIND IN ~ D I R E C T I O N  DUE TO REFRACT ION
C FROM CHARGED GRIDS

X=B°QT1
XSO (L )=X ’X - -

25 CONTINUE - -
ZPART ALP HA Ø (VZ RULKV Z ) .2
IF ~ZPART.GE.7O. )ZPART=70.— 
PHIZ VZ.EXP(—ZPART) - -

V* LUE1=0.O

The maximum 1 that can produce a current on the plate is 1— (RA+RC) . The

velocity corresponding to this displacement has the value BOT for the transverse

component Since PA + RC — (1~~
)B, BCT — _ v

2’(RA + RC)/fl.
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~1

~~~
integration limits I -

Therefore, V needn ’t be integrated for v < BOT or v,, 
< —BOT. Let

TOP — —BOT. Thus ALIM and BLIM are limits of integration for v since
y

the value of the distribution function is too low outside of

(BULKVY-2. 5THERM < V < BULKvY+2 . 5THERI4)

which encloses all but 4 x -10 of the area.
0

ALIM — maximum of (BOT ,BULKVY — 2.5THERM)
- - BLIM minimum of (TOP ,BIJLKVY + 2.5T }IERM ) -

Let A=BULKVY-2.5 THERM and B BULKVY+2.5 THERM. Possible situations are depicted
as follows:

- (1~~ 

I 
- 

- 

- I 1 
- - 

I 
- 

-

1YN~ 
_

, AUM - BUM 
I - 

AUM - - ?~.lM 
-

I • I I 
I

, ~

(2) ~~~~~
- 

I (~)~ I , I

H _ _
- : - . - - 

-

(3) - (6) -

- . 

- 

~~~ 5J1M SLIM AIIM

Only cases (5) and (6) should be avoided , which is accomplished by

IP(BLIM .LE.ALIM) CO TO 185 which writes the values of ALIM and BLIM and sets

5 CURR(NCHAN)=0., and proceeds with the program.
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I

AVBE1 — .5(BLIM — ALIM)
AVAB1 — .5(BLIM + ALIM)

These constants of integration are,as explained for v , used with

the Gaussian integration. I

The DO 25 loop determines the plasma displacement in the x—direction

at each abscissa (VX(L)) used in integration and places its square in array

XSQ(L) :

XSQ(L) = ( 
VX(L) )2B2 since VZINV — v5~

’ on page 54. -

Function of v integrated
- 

PHIZ — v5 •
—y(v 5-BULKVZ ) ’

If y(v
2
—Bt’LKVZ)2~ 7O it is set equal to 70. This is to avoid a size —

error in exponentiation .

C ••• V Y ,V Z  = VELOCITIES IN REFERENCE FR*M~. OF SPACECRAFT
DO 110 J 1.12
VY AV HE1 XL (J )  •A V A B 1
OT2 V Y VZ I~iV

- - OT2SQ=012 0T2
••• y = DISPLACEMENT OF S0L*~ WIND IN Y DIRECTION DUE TO REFRaCTION FROMC CHA RGED GRIDS

Y=B °UT 2 - -
YSU=Y °Y
YPART ALP HA* (VY— BULKV Y )* 2
IF(YPART.GE.70.)YPART=70 .
PHIYZ PH IZ . EXP (— YP A RT )
VA L UE2=0.0
00 100 K=1,12
DSQ=XSQ K ) • Y S O

C “ CHECK TO SEE IF TOTAL DISPLACEMENT IS COMPLETELY ON OR OFr COLLECTOR PLATF
IF (OSO .GE.R ND3)GO TO 100 -

IF(DSO.L E. ’~ND1)GO TO 40 I

C •• DISPLACEMENT DUE TO REFRACTION
DI PSE=SORT DSO)
INDEX SLOPE’DIPSE .B 1

The DO 110 statement starts the second loop that integrates v,,.

The (y—displacement of the plasma image) squared YSQ for YSQ — (v~/v5) 2 B2

obtained in the same manner as XSQ (L) .

The function integrated is obviously a function of v2 . It is

PHIYZ — e~~~~z vz) 2 -y(~r -- BULKy?) 2 

I 
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0 - 
PHIYZ - PHIZ e~~~”y 

BULKVY ) 2 I_ PHIZ e~~~ART

and numerical integration on v~, is perfo rmed for each value of PHIZ. As

before, the maximum value of YPART is 70.

The ~~ integration starts at the DO 100 statement each time the loop

is entered with a different value for YSQ. Each value of XSQ is added to it

with each index value of the loop.

DSQ - XSQ(K) + YSQ

Thus, the square of the total displacement is known for each value of ~~
The following cases for DSQ are considered :

I) DSQ >(RC + RA) 2 I

i.e. DSQ l~~I 
BND3

. 1 Loop is continued for next value of

k since no current contribution to integral

II) DSQ < (RC — PA) 2 -

i.e. DSQ < BND 1 I

INDEX = 1 for area determination

III) (RC — PA) 2 < DSQ < (RC + RA) 2

The AREA array is used -

DIPSE — /(DSQ). Thus, since INDEX = SLOPE DIPSE + Bi at each value of DIPSE

- 
to reference AREA value at each displacement.

The following section completes the triple integration.

. - 

I

-69-

~~~~~~~~~~~ ~~~~~~ _ _ _  _ _ _  _ _ _ _



GO TO 90
èO INDE *z1
90 VALUE2 a V*LUE2 • WH (K) .*REA (INDEX) I

100 CONTINUE
VALUE ) a VALUE ) • WL (J)*I’HIYZ*VALUE2 - I

110 CONTINUE
VAL UE VALU E~~ L (I) .AVBE I*AV BE*VALU E 1

120 CONTINUE
V AL UE =C ONS T • V AL UE
LOOP~LOOP 1 - I

Statement 90 completes v~ integration since, as shown on page 55,

h e
’
~
’x~

’x~ AREA(V’,v’,v’)d’u E w AREA(VX(K) ,V’1(J),VZ(I))x y 2 V
-•~
,

for — WH(K) and AREA function determined by INDEX . VIALUE2 originally

set at zero.

VALUE1 - VALUE + WL (J) - PHIYZ •VALUE2

— ~ ( E WH(K)AREA(INDEX) ) ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 04.1 ~., Z

since VALVE — 0. originally.

VALUE - VALUE + WL(I) . AVBE1 AVBE VALUE 1 -

— E (E (E WH(K)AREA (VX (K) ,VY(J) ,V Z( I) ) )) e~~~~~~~~~~~~~1~~ 11fl
)

~~~ ~ .a .

~~~~~~~~~~~~~~~~~

which is the required equation.

To normalize, correct it dimensionally, and take into account

transparency, and elementary charge: -

VALUE - CONST VALUE

for OONST — (6.45 x 10
1114

)(.735)(10
6

)Qy (yhmr Y
3E12 as described in page 52.

AVBE1 and AVBE are needed as shown in page 59.

I . 
.
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I ~~~~I 
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-~~~~~~~ 

~~~~~

---- -

I 

-

GO TO (125 ,130).LOOP
125 SUMLO=VALUE -

IF (V HGR1O.GE.VTOP~ GO T~ 180 - I

IL~~13
1 H 2 4
GO -T0 20

130 SUMH I=VALU E -

140 CURP (NC HAN ) SUMLO-SUMHI
- IF (CURR(NC IAN) .LT.CUR MAXI GD TO 47

CUR MAX=CUR R(NC HA N)
47 CONTINUE

IF (NCHA N.EO.26) GO TO 50
IF(CURR NCHA N .LT.CU RMAX ’.0001) 60 13 49

48 NC HAN = NC H AN • 1 
-

GO TO 77
49 MN=NC HAN .1

DO 51 IJ MN,25 -

51 CURR (IJ) 0.0
NCHAN=26
60 10 77 -

LOOP = LOOP + 1 changes LOOP 0 to LOOP — 1 or LOOP — 1 to LOOP — 2 . -

Then, if LOOP = 1 goes to 125. For LOOP = 2 goes to 130 since both

integrations are completed.

LOO P=1

Integration (1) and (2) ( page 53) just performed with VLPART = 
-

VLOW- PART from which the refraction is calculated for VLOW.

Thusly , integration (1) is finished since no particles enter grids with w

velocity less than VZIH when grid voltage = VIII .

Integration (2) must be performed again to subtract DC current at

voltage = VIII from DC current at VLOW to determine the modulation resulting

f rom refraction . I 
I

If VHGRID VTOP there is no need to perform integra tion this second

time sin’~e too few protons will enter with velocity greater than VZIH.

For second integration IL i3 and III— 24 are lower and upper limits

of the index. After these are set program goes to line 20 which starts

v5 integration DO loop .

SUMLO = VALUE for LOOP — 1. 
I
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LOOP-2

Integration performed with VLPART — VHI.PART. Then finally

CIJRR(NCIIAN) — SUMLO — SUMII I since we wish to subtract the results

from each integration. -

CURMAX has the value of the CURR(NCHAN ) which is greatest for NCHAN

from 2 to its present value. P

If NCHAN — 26 then it goes to 50 where the: last step of the program

- J is to calculate the 26 data numbers. If not it goes to 77 and sets up

the next integration. - -

If CURR(NCHAN) < .0001 CURI4AX set all remaining CURR(NCHAN) to zero - 
—

since all these currents will eventually correspond to the datanumber FF.

Control is transferred to statement 50 af ter all 26 CURR(NCHAN ) are

calculated. Q
The DO 57 loop determines the datanuinbers , DN , for NCHAN = 2 to 26 ,

- the 24 contiguous positive ion channels and one large channel). 
- 

- 
-
:

The DN array is printed first in decimal notation and secondly in

hexadecimal notation. The input parameters are printed. Day, hour , and

DN are punched on cards to enable the WIND2 program to make a check on this

program. -
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C ~~~ CALCULATIO N FOLLOWS FOR DATA NUMBERS
50 DN( 1)=ICOUNT

DU 57 1=2,26
IF(CURR(I) .LE.6 94E-13) GO TO 54

H I DN(I)=255.O+AL0G*C1/CURR(I))/ALOG(C2)
0070 57
DN(I) 255

57 a~NTINUE
WRITE(6 ,1070)DN - -

- WRITE(6,1007)DN
1070 FORMAT(1HO,9X ,13,2X ,24(13,1X) ,1X ,13)
1007 FORMAT (1H ,1OX ,z2 , 3X , 2 4 (Z 2 , 2X) ,1X ,Z2)

- WRITE(6 ,l000)DAY, HOUR ,NBULK ,DEN, NTRERM ,BETA
1000 FORMATUH .13,1X, 15,4F6.1)

WRITE(9 , 1025)DAY ,HOUR ,DN
1025 FORMAT( 14 , 14 ,1X , 33Z2)

GOTO 7
185 WRITE (6 ,1080)BLIM, ALIM
lcao FORNAT ( ’  SLIM LE ALIM ‘ ,2E 12.3)
170 SUMLO=O.O
180 SUMBI=O.O

H G0 7 0 14 0

- 
7777 WRITE(6.1050)

- I 1050 FOP AT( 12HONORMAL EXIT)

.
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APPENDIX B

LISTING OF MAXWELLIAN AND KAPPA FIT PROGRAM

I

• - •

II 

I 
. -

- 

I

- 

~~1~~ 

- 

- 

I 

-
_ _ _  ~~~~~~~~~~~~~~~~~~ I Ii~~~~~~~~~~~~~~~ _ , ~~~~~~~~~~~~~~~~~~~~~~~~ 

-
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-i

Ico To lea
2 ~ETURt1
4 PR1:~T ~8J;U? J ,1~3.J ,N1U),H8iJ,K3)

O 5 R~Tt~ N
8 FRINT • titput kip~e I ‘19 IKP UT K~ (J)
10 RETURN
12 PRDIT • ht factor : I -

13 1?~?UT H~(J,~6)14 RETURN
• 16 F-RI:1-r ‘_ LIST DATA FRON FILE 0 1

1? 11 ?U7 140
18 FII~D N3 - 

-

19 60 10 85
- 20 K8=1

21 GO 10 2189
24 D~~I25 RETURN
28 P~ I11i ~~ Input new scale : I

-29 It ?UT S
33 .RETU.~N32 L3~2 -33 60 10 7?
36 L3~0
3? RETURU
43 D?=9 - 

I

4 1 G 0 T0 189 I -
— 44 PRIHT .. input den I - I I -

45 It- ?UT H1(J) I I

46 REiU~U4B PRINT u input w. : •j
49 I~ ?UT ~3(J)
SB ~!TW~N - -

52 PRIN T ~~~. input bulk vz : I
53 D~FUT U?(J - - - 

I I

S RET U~H - 
- 

I

i i  56 CO 1O ioj~ I

69 KC~2 - . - 
- -

. 
~~~~~

61 CC TO 2170 I I 
-

64 D~:0 -
65 RETURN - 

I I - - - .

66 60 10 433 - -

- -

69 ftQ~~ : I
- 

- 70 PRIUT nchan(O)* 171 II*’UT ZB - I

72 60 10 549 -

?3 G0 T0 1543 
-

76 60 10 1540 
-

- 
- - 7? D?=1 - - 

- 
- I

79 60 10 480 -

80 D?=1 -

81 60 T0 403
B2 CO TO I€3 - 

- -

85 INPUT ~33:N8,N9,H,N6,fl7 - -86 Pg-GE
8? PRINT ~~~~~~ 

I -

88 PRINT p~ 
I -

89 PRINT N? -

9O FCR I=1 T0 24 - - 
- 

- 

-~~91 lflP’JT~~33:K 
- - - - I

-

92 PR114T 1 a,fl I

S3 NEXT I I 
• • I

94 FCR ZaI TO II I 
I

95 INPUT e33:N - -
. 

-

96 PRINT N - I - I 
I -9? NEXT I - 

I -

98 C0 T0 98 - 
- I I I

I

16$ PRINT _, INPUT SPECTRUM HOUR : • 
I •

1~
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IIO INPUT H I 
I I 

- I 
I ~~~~ 

~~~~~ 
-

120 .1.0 - I 
- I I I - - - I

130 J.J.1 - I - 
I I 

1 
- - 

- 
- -

3 148 IF L2(J).M THEN 520 - 
I - I -

150 IF J<N7 THN 133 - I - - I

16$ PRINT ~ SFECTRU~ HOT FOUND’ - - -  
- 

- 
-

170 RETCRN - - 
- - - 

- - 
-

. 

-

188 DIM F(24,15),U?(15),H3(15),K8(15),H8C15,2),N1(15),M(15) - - 
- 

-

190 DIM U (24),L1(16),L2(16) - - 
- 

I~ I I - 
-

200 NOel - :. - - 
: I II

- 
210 FOR K.1 TO 24 - 

- 
- 

- I

220 READ U(K) 
I I~ -

230 UEXT K I I II 
- - 

- 

- 
-

248 DATA 8.167,e.189,0.239,e.22?,O.243,8.259,0.273,9.28? 
- 

- 

-

~259 D.~TA O.3,8.313,8.33,9.359,0.39,L419,0.44?,0.473 - - -

26$ DATA O.49?,9.52,0.543,8.565,0.586,0.686,0.626,0.645 - I
. - 

-

27$ FOR I-I 10 15 
- - 

I ~~ 
- I~ 

-

28$ U7(I)aO - 
- I I

29O HEXT I -
- ~I I • I I I

•

~~~~~~~~~~ ~I

3C9 oa=a - 

- 
I I - - - 

-

310 N ? 0  - 
I I 

II •
I 

- 
•
I 

- - 
- 

-

32B Ss1 - 
- - 

- - - 
I I

330 SO-B I I - 
I I I 

- - 
-

- - -

348 L0 1 I 
- I - I

350 DELETE 1,1 - - 
I 

I I 
~~~~~~~

369 PACE - - 

I 
-

370 UIU~O4 0,25,0,38 - - - 

I 

- 

I - - - 
- 

:- - -
~

380 U!EIWORT 36,138,20,109 
I I - - I I  I~ : -

390 PACE - - - - I ~I 

- 
-

400 PRINT G READY DATA COMPARISOH-PROCRAM
__ 

- 

- 
-

410 RETURN 
-

- I

I 
I 

- ~
- 

- 

- - --

423 K~B - 
- -  

- 
- 

I 
- 

I 
- 

- 

1~ I - 
- -

430 KsK+1 - 
I I 

I I - :
1

448 IF K)H? ThEN 478
450 IF K)146 THEM 47A I - - 

_
: 

- 
- -

O 
460 IF H2(K)<)L2(J) THEN 438 

- 
- I 

—

478 GO TO 638 I 
- -

- I -

4 PRINT u INPUT SPECTRUlI INDEX : •
~ : 

I 

I II

I’ 503 PA GE - 
- I II I -

- I 510 D?’l I 
I I  

I I~~ I 
-

- - 

- 528 PAGE 
I I~ I I 

II 
I 

-

530 60 10 588 
- 

- 

I 
- - I 

-

540 W2— (1403.?*U(29)—B)t2’Af2 
I 

- - 
I I

558 F1_C(1+1,C)’U+U2,C))tCslOtD I  I I I I

560 U9=FCZ8,J)—F1 - - - I

570 D?=1 - - - . - - 
I 

-

589 UIEIPORT 30,133,20,108 I - 
I I~~ 

• I • 

- -

590 IF 10=0 THEN 620 - 
- 

I I 

:- - — - -

600 AXIS 2.137,6 - 
- - I

I 
1 1111 I~~~~~ • 

-

618 GO TO 630 - I 
I~

I - 
I 

- 

-

620 AXIS 2.137,0 - I I I - -

639 H1e1 I 
•
I • I

649 FOR 1 1  TO 24 - - - - 
- I I~ 

-

650 IF 1822 THEN 680 - - 
I 

- 
I - -

66$ X—30*U(I) 
I I 

•~ I I 
-

670 CO TO 650 - 
- 

- - I I 
- - 

- 
- -

£80 X=2C~LGT(3O:V(I))~10 
- 

- 
1 1 - 

I

690 IF S~=0 THEN - 
I I I

709 F1=F(I,J)_F1_U9 :- - l I l
t I

• I 
- 

-

710 IF F1>0 THEN 769 I I I I 

~~- - - -
: 

-

?28 Y—9 - - I I

730 60 TO- 858 - I - - - - - ~~~~ I

740 F1.F(I,J) - I - I - - I

759 Y=4.5*S~F1 
I - I - II~ 

II 
II I I

• 
I 

-

760 IF LU-B TNEN 780 
I 

- - : I - I I - 
- 

- -

770 Y—6*LGT(F1)+21 I I I

~~ I I

788 IF D?~1 THEN 849 
~~~~~~~

• •
I I I I  

I 
- 

- I 
1 111111 

I

793 MOVE X,Y I - I I 
I

• - 1 1 1 1 1 . 
- 

-

809 RIIOUE —9.13,—0.45

~~~~ 

~~

-

~~~~

—- 

-:6- 

- - I I 

-
~

-
_

~:~ -~~~~
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-819 IF Y<8 THEN 870 
I - 

I I 

- I

828 P211fl P~~) -: I I 

I 

- - - I 
-

- 830 60 T0 8?0 
I 

- 
I I • I -1 0 $40 IF 1)1 THEN 869 

I 
- 

I 
- - : - 

- 
-

850 h OVE X,Y - I - ••

I 
I

860 DRAU X,Y - - - 
III 

I 
- - -

8?0 h-’EXT I I 
- 

I 
- 

II I 
•

•

I~~ 
—

888 S3=O - - 

- 
- I 

I I I -

890 IF 1001 THEN 1399 - - I • II I~ 
- 

~~~ -

%8 IF 08=8 THEN 1390 - I I 
- 

-

910 FOR 1 1  TO 24 
- 

- I 
- I - 

- 
-

920 R 2 1 1 1  - 
I - -

939 R3 1)11 
- 

- - 
- I - 

-

940 R1—1+R2+2~R3 
- 

- 

I -

958 hOVE 30*V( I),6*LCT(0.0069396166’Rl )+21 - 
- 

- 
- - 

“
- 

- - 
-

969 R~-~OVE —B.13,—6.45 - - 
- - 

I

- - 
-

- 
- 970 PRI N T ‘—‘ 

- - I I
~ ~

• •
I

• 
I~ - -

989 H EXT I - - - - - - - I

998 GO TO 1398 - I 
-~ 

- 
- 

I I 
- -

1030 RETURN - - I - - - -I -
-

1018 PRI N T ~~~~~ . RETRI EVE DATA FROM FILE I 9 
- - 

- 
- - 

.
~•

- - 
- - 

— - -

1028 J=1 - — I
: I

-

I-
I

l 
- 

- 
- -;

103a INPUT HG - - - - I I 
- 

- 
- - -

1043 FIt ~D NB - - 
I - I - - I 1 I

I 
- - I~ I

1058 PRINT • _START WITH SPECTRUM DAY HOUR: 
1

9 
- - 

I - 
- 

- - I I I  II

- 1068 INPUT M0,M1 - I I 
— 

-
-

1078 PRINT ‘ J.AST SPECTRUM AT DAY HOUR: ‘3. - 
I 

- - - - :  - 
- 

- - -
- :. -

1080 INPUT 01,02 - - 
I •

I
~

•
l~~~I I I I~~ - - 

-

1090 ItIPUT 833:19,17 - 
I •

-
~ 

I II 
- 

I 
- 

- 
-1103 L9~L9+1508 - - I 

I I  - 
- - H I 

- -

1110 INPUT 933:u(J),L2(J) 
- 

- - I I 1 11

1 
I - - - : : ..- - . 

- -

1129 IF L1 (JXH3 THEN 1150 
I - 

- 
I - II

1133 IF L2(J)(H1 THEN 1150 - - - - 
I 

I 

- 

SI :- 1 1
1 1 -H I 

~
-

1143 GO TO 1269 - 
- - 

~I I
-

-

I
- - - 

. -:- - . .-: :..~ 
—

I1SO FOR Izi TO 33 - - - 
I I  - I - . : -  -

1160 INPUT @331K? I

1170 1-EXT I - I 

I I

1180 GO 10 1110 - - I 

- 
I

1193 IS?UT 033:L1(J),L2(J) - - 

- - - - - 

- 
-

1203 !N?UT @33:K? I - 
. - 

- 
-

1210 FOR I~1 10 24 - - 
I 

- 
I 

- 
I

1220 INPUT 833:K7 - 

I 
I I  

- 
-

- 
- 1238 R2=I—11 I 

I 
-

1249 R3 1)11 I - I
1250 R1 1+R2+2*R3 - 

- 
- - - 

- -

1260 F(I,J) 68.9512*8.964599tK?/R1 - 
I I 

- 
-:

I27O NEXT I - - I

1288 FOR 1=1 10 8 - 

- -

1290 H4PUT 833:K7 - - - - 
-:

1309 N EXT I - - - - - 
-- ; 1318 J J+1 III I

1320 IF -DIE THEN 1250 - 
- - . - 

I
1330 IF L1(J— 1)<O1 TNZU 1190 - I -

1349 IF L2(J—1X02 THEN 1199 I 
- - -

1350 U7 J—1 I - - -

1368 Q$=C~:R~65+L? - - I I I -

1370 PRINT ‘.. DATA RE T RIE UED~~FROP1 FILE I ‘ING - - -
~ I 

-

1388 RETURN -

1390 HD~E 
- - - 

-

- 
I

1408 PRI 4T __ ,L9 - I I - -
- 

- 
-

-

1419 PRINT ‘ Soirad 11’;Q$ - 

I I I~~ I

1423 PRIhT L1(J);12CJ) I• - 
I

1438 PRI N T • INDEX — - - 
I

~

1449 IF 10=8 ThEN 1499 I 

~~~~~~~~~~~~~~~~~~~~~~~~~~~

1450 IF L0=1 THEN 1489 - 

- 

I 

- 
I I - I

1468 PRINT ~ Lo~-log plot’ II I -

1470 CD TO 1498 - 
I I

•

I I  

- - - I

1480 PRINT ‘_ Sclci—109 Plot’ - : - - - - :
1498 IF 5=1 THEN 1510 

I 

- 

I :.- I 
-

1598 PRINT • scale ‘IS - 
- 

:1 
1 1

.
1
1:
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1510 HOME - 
I - - - 1 

-

1520 L0~1 
I 

-

1530 RETURN - 
- : - -

IS48 PACE 
- 

- - - - - . - 
-1550 1—I - 

-
- 

- - 
- 

I

1560 K 1  - 
- - - - :

151$ FOR X0=0 TO 99 STEP 33 - - 
- 

- 
-

1500 FO.~ YO~0 10 75 STEP 25 - I 
- - 

- 
- - : -3590 UIE~PCRT X0,XC+33,?5—fO,95—Y8 - - : .~~~- 

-

1600 L L+1 - 
- 

-

1610 IF 1)0 THEN 1728 - - ~- 
- -

1620 PRINT ‘ ,_ Solr~d 1190$ 
I - 

I
1630 PRINT ~~~ . ‘119 I 

- I

1640 PRINT • 
911(1) 

I 
I • H-

1650 IF L00 -THEN 168$ -
- 

- - - . 
-

-

1668 PRINT ‘. Seni—1o9 p%ot - - 

- 
I - 

- I 
-

167$ 60 TO 2083 - 
- - - - ~~~ 

: I

1683 IF S—I THEN 2088 - 
-
~~ - 

-

1698 PRINT ‘ scale a 9 - 
- - - - : - - -

1708 PR INT S - 
- 

I 
- - - 

- 
-

1710 CO TO 2088 - - - -  -
- - 

-1728 IF L)U7 THEN 2C30 - - I - 
-

1738 IF 10=0 THEN 1760 - 
- 

- 
- - - - 

1740 AXIS 2. 137,6 - - I - -
- — - 1750 GO TO 1773 I 

- - - - 
- - - 

- 
- 

- -

1760 AXIS 2.137,0 - - - - I 
- 

1 - -  - -

1778 HOVE 15,25 - 
- . - 

-
- - 

- 
- - I 

-

1780 F~ ZHT 12(L) - I I I - - - --
- - - - -

. 
-

1799 H1=1 - I 
- 

- -

168 FO?I 1 1  TO 24 ~
- I I - 

- - - - - - - : - 

- -

1818 IF L0=2 THEN 1849 - - - - I I~~
• - II - 

- 
- - 

- 
- - - 

- -

1820 X3.~ U(I) 
- - - - - - - - - 

- 
- .: 

- 
- -

- 1830 GO TO 1058 - - - • . - -
- -

184$ X—28~LGT 30*VU)—10 - - - 
~ - I I -~ 

- - - -
1850 FIeF(I,L) I 

-

1868 Y=4.5~S*F1 - 
- 

- - 
-

1810 IF LC~3 ThEN 1093 - - 
- - - I 

- 
-

1883 Y 6 ~LGT(F1)+21 
- - - I - - 

- - - 
- 

- : -

1690 IF D7=1 T:-:EN 1943 - - - - 
I 

- 
I I I 

-1900 IF Y<0 ThEN 1978 - I -
1918 MOVE X,Y - - - - - - 

-

1920 RT~R~I3~ 8,0 - I - - - I - 
-
I

1930 60 TO 1970 - - - 
I~ I - 

-
1948 IF 1>1 ThEN 1968 I 

I
I

-
- 

- 1950 HOVE X,? I - - - - 
- 

I

- - 19E0 DR~11 X,Y - - * 
I 

I II I - -
- : 1978 NEXT I - - - 

- 
I - 

- - -

198w K=X+1 - - : -

1990 IF L9<>1 THEN 2080 I - - - 
- -_ - -

2000 IF D8=3 THEN 2083 -
I 

- - 

-
2818 FOR 1=1 10 24 - - I

2029 R2=I=1I - I - -

2030 R3 1>11 I -

2040 R1=1-4R2-I2$R3 - - -

2050 HOt~E 39*U(I),6*LGT(0.8$69396166’R1)+21 - 
- -

2060 RDR~14 8,0 - - 
1 

- - -28?O NEX T I - - 
- - -2080 NEXT Y9 - - - - -

2390 NEXT NB - - 
- 

I 
1 1 1

1 1  
- -

‘ -

2100 HOt;E - - 
- - 

- 
- -

~~2110 PRINT 6 ;  - - I 
I - —

2120 RETURN - - I I 
~~ --

2130 INPUT Z8 - 
- 

- 
- - -2140 1J2 (1403.7*U(Z8)—8)t2~’At2 I - - I - I• I -~ - 

-

2150 F1~((1+1’C)’(1+h12/C))tC*lOtD. I I 
• I I I I :1 : I~2160 U9SF(28,J)_F1 - - - 

I 
- -~~ I

2170 C K8(J) I 

- -
- - 

- 
I

2189 B-V7(J) - - - -- - 
- I •

I I I 
I I I~

2190 A t ~O(J) 
- - 

- 
- 

. 
- - 

- : — - - -

2208 DH8(J,K0) - 
- 

- 
--: - - 1 IH.
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2219 11=311(J) 
- I 

- I - 
- 

- 

- 
- 

- -
2229 19 

- I I 
- 

- -

2230 Ut= B—3.1$A)’46.?94 - I 
- - - - 

-  - -t 0 2240 U2:(B+3.ltA)/46,?94 - - I 
-

2258 IF KO=1 THEN 2318 - - - - 
I I 

-

2260 UI—UI - 
- 

- . 
- - - -2270 U2=U2 - 

- I

2288 IF UI)5 THEN 2310 - 
- 

- 
I - • - - : -

2298 UI—S -  
-

- -

2398 U2=23 - - - 
II 

I  -

2310 FOR X~U1 TO U2 STEP 0.2 - 

- 
- I -  - -

• 
- 

2328 ~2=(46.?S4*X—0)~2/At2 
- - I 

- 
~~~~~~~~~~  -2339 IF K G 2  TH EN 2360 - 

- 
- I 

- ~~~ - 
-

2340 F 1~~H*EXP (—N2)*i0tD - - 
- 

I - I I 
-  -

2358 CO 10 2120 - I 
- -  -

• - 2360 F1=((1+I’C)’(1+H2IC))tC*lOtD 
- 

- - 
- 

-:  -

2378 IF LO~ I THEN 2480 - - 
- - - - I -

2383 Y=4.5~~S*F1 - - 
- 

- - — I - - 
- -

-

2398 GO 10 2410 I - 
-  

-

2408 Y=~~LCT(F1)+21 - 

- 
- - I - 

- - . -

2410 IF L< 9 THEN 2440 
I 

- - 
- - -

- - 2420 DP~W X,Y - 
- - I -  - -2438 GO TO 2459 - 

- 
- 

- 

I 
- - - - 

I -
2449 HOVE X,Y -

- - 
- I - - l - - 

-
- - - I 

--2450 L=F1 - - - - I - - -  -
2469 NEXT N - - - - — - - -. - -
2470 P~ IHT ~~~~~~~~~~~~~~~ - I -

- 
- - - I - - 

-

2488 IF K0 2 ThEN 2518 - - 
- - - 

- - - . 
- -. 

- 
- I  

-

2498 PRINT ‘Maxu ~ l l ian f i t ’  - -

2590 GO TO 2523 - -
I 

- - 
-

I
- 

- 
- - 

-

2510 PRINT ‘Ka~~ a dis t  f i t’ - 
- 

- 
- - - 

- 
-

- 

I  
-

- 2528 PRINT. _Bul k Uz — 9V7(J) - - 
- 

I 
- - -  

-

2530 PRI N T Thert, w . = ‘IA - 
- - I - 

- 
- ~~ - :1

1 - - :   
- - - -

2540 PRINT ‘Den = ‘;Nl(J);”cc - 
- 

- 
- - : 

- 
: -

-25~a IF K3~1 THEN 2570 - 1.
- 2560 PRINT ‘Kappa ‘IC - - I - - -  -2570 RE1Ui~H

- 

• I~ 
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- -  - - - - I
-

I GO 10 200 - - 
- 

I 
- 

- -

-
~~~ 2- RETURN - 

- 
- 

- 
I - -

4 10=8 - - I 
- - - - - 

-

5 G 0 TO 390 - 
I - - I 

— 
-

8 PRINT ‘lIEN ALPHA EQUALS 9 I - 
-

10 INPUT A - 

- 
- 

- - -

11 CO T03~~ 
- 

I 
- - - -

12 PRINT HEW BETA EQUALS ‘1 - 
-

• I4 IHPUT B - - 
- - . - 

- -

15 G0 T0 390 -
- 

- - -

16 PRINT ‘.. LIST DATA FROM FILE 0 ‘1 - - I 
- 

I - -

1? INPUT HO - I - 
- - 

- 
-

1B FIHD NO - 
- I - 

- 
-

- 

- -

19 G0 T0 85 - 
I 

- 
- - 

- 
I

2O PACE 1 
- - 

-

2I LIST -
I 

- 
- 1

1 - 22 RETURN - 
- 

- 
- 

- 
-

23 G0 10 390 -

24 IF HO=8 THEN 1248 -
- 

- : 1  
- -

- 
- - - - -

25 CD TO 1270 - 
- 1 

- - - 
- 

-

32 60 10 188 - -
- - , -

36 L8=0 - 
- 

- 

- 
-  -

-   
- 

- - - - 
- -

37 60 10 41 I   
- -

48 18=1 - 
- 

- ‘- -
-

41 PRINT ‘INPUT SPECTRUM INDEX: 9 
- - 

I I   -

42 IHPUT J -  : -

43G0T0 1190 - I I  - - 

I

44 L0=i - - - 
- ~

I 

- 

I I - .- -

45 60 10 390 I - I - - I - -

48 PRINT ‘O(X,Y) — ‘ - 
- -

_ 
- -

. - 
- 

- - I 1~~

49 INPUT X9,Y9 - 
I 

- 
I 1 - - -

51 60 10 399 I 
- - - - :  

- . : —

52 PRINT ‘SCALE EQUALS 9 - 
- - - - - 

-53 IHPUT S - ~ • I I I 
- 

_ :
‘

5 54 G0 T0 398 -

56 60 10 1608 - 
- - 

I

60 60 10 1378 - - - -
. I L

64 110—1 - -  - 
II 

- I

65 60 10 360 I 
- : -

72 60 10 198 - 
-

76 60 10 368 - 
- - - 

- I

88 C$ 1 - 
- - - - - .

BI CO TO 4IO - 
I -

- -

$5 INPUT @33:H8,N9,M,M6,N? -
- 

I - - 
- - 

-

86 PAGE - -~~~ I • I •
8? PRINT 11’’ I I 

-

88 PRI N T 116 - - I I

- - B9 PRINT P17 - - - -

90 FOR 1=1 TO 24 - - -

- 91 INPU T 833:P1 - 
I

- - 92 PRINT • ‘,li - 
- 

- 
I - - 

- 
- -

93 NEX T I - 
- - - - - - 

- 
I

94 F 0 R 1 1 T 0 11 - - - - 
- 

- 11* 1

95 INPUT 833:1-I - 
- - - 

- - -  -

96 PR IH T N - - I I

9? HEXT I - I I • I I~~~I 
-

98 60 70 90 I 
- - -  

I~ I

100 PR INT .. INPUT SPECT RUM HOUR : ‘; - 
I - - - 

- .  - .

110 INPUT N I - I 
- 

-
~~ 

I - -  
-

128J0 - I I I -
- 

- 130 J J ~1 
I 

- - 
I

- I l - 
- - : . - . - -

~
140 IF 12(J) 11 THEN 188 I - - 

- I - 
I  -

150 IF J<H7 THEN 130 - 
- I~ - - - : - - - 

-

16$ PRINT ._ SPECTRUM HOT FOUND’ - 

- 
- - 

- I -

170 RE TURN - -~ 
I - S 

~ I

180 L0 8 - - 
- -

- - - 
- 

- 
-  

-

190 60 TO 1190 - - I 
- 

I S• I

200 DIM F(24,20) - I -
- I - - 

-  -

210 DIN CS(2),A$(I),B$(1) I 
- - -

- -
~~~

-
~~ * 

I 
- 

- 
-
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220 DIN U(24),T1(30),Ll (30>,L2(30 
- - 

- - 

-

C) 230 110=1 - -
— 240 N?=8 - 

- - 
I 

-

250 DELETE 1,1 - 
-

- . 260 FOR K 1  TO 24 - - - 
- 

- - I 
- -

270 READ 1.1(K) 
- 

- I - 

-
2BO IIEXT I( I 

-

290 DATA 8.16?,0.189,8.209,0.22?,8.243,0.259,O.273,0.28? - - 
-

300 DATA 8 3,0.313,0 33,8.359.0.39.O.419,0.447,9 473 - - -

310 DATA 8.49?,O.52,8.543,O.565,8.586,$ 606,O.626,0.645 - - - 
- 

- -

328 READ A,B,S,T2,E1,E2,X9,’(9 
-

- 
- -330 DATA 39,45,2,0,2,2,0,8 - I 

- - 
-
-340 PAGE - 

I - 
- 

- -

350 SET DEGREES - 
- - - - 

- 
- - - 

-

368 PAGE - - - - - - -

370 PRINT “C READY — PROGRA M DOES NOT IHCLUDE _ KEYBOARD DN IHPUT __G’;
388 RETUR N - 

-

390 PAGE - - - - 
- - 

- 
I 

- -

400 C0=0 - 
- -

418 WINDOW —12 .5—X9 ,52.5—X9,—29-Y9,39—Y9 - - -

420 VIENPORT 0,130,8,108 - - 
- 

- 
- - - 

-
439 H8=8 - 

- 

- - - 
- 

-

448 HI—B - 
- - 

- 
- 

— - - -

458 X0 28*S*COS(B) 
- - I - 

-

460 Y0=20*S*SIU(8)ISIH(A) - - 
~~~~ 

- 
-
- - - 

I

• 4?8 ?l—12*S*COS (A) I -: - 
- 

- -

488 X2=29tS*SIl1(8) 1 - - 

- 

- 
I - - 

-
- I -

490 ?2=—20*S*COS(B)*SIN(A) - 
- 

- I I 
- I I - I 

-

500 HOVE 0,8 - - I - I 
- 

-

51$ DRAW X8 ,Y0 - - - - - 
- - - . 

-
- I 

-

520 PRI N T ‘ t’ - •II - 
~~ 1 

I
I I -

- 
- -

530 MOVE 8,0 - 

- I 
I I 

- - 
• • I 

•
1 

- -
- 

- - 
- - 

- -

540 DRAM 0,Y1 
I I 

I I I I ~~ 
- 

I I  -
- 

-
-

558 IF 16-1 THEN 580 - - - - 

I 

- - 
- - -

S 568 PRINT • f1 - - I , I ~~I
II 

- -

570 60 10 59~ 
I I - 

-

580 PRINT ‘ 109 f’ - 

- I - - -

598 MOVE 8,0 
I 

- 
- 

I I~ -

608 DRAW X2,Y2 - - 
- I - -

610 PRINT ‘ - I - 
~~. . 

- - 
-

620 FOR (=1 TO 24 STEP 23 I 
-

639 X3—X2*V (K) - 
I 

-

640 Y3 Y2*U (K)  
I
- - I

650 MOVE X3,’(3  
I

668 RDRAW X0,?9 - 
I 

- 
I -

6?B HEXT K - 
I I~ I~ -

688 IF CO—i THEN 938 
- I 

I 
-
-

698 12=8 - - - - -

788 T1(H7)8 - I 
- 

- -

. 
- - --

710 FOR J=1 TO N? - 
-
-

720 IF Jzl THEN 769 - - -
. - - :

730 T2—T2+TI(J—i) - -

748 T J+T2—1 I - I~
?50 G0 T0 770 - 

I 
-

?6$ T 0 I~~~~~ I --
770 FOR 1=1 10 24 - I I I 

- 

-

780 U1r20*’l(I) - - 
- - I

790 D=SOR (V1t2+Tt2) - - - - 
I - 

- - 
- 

I

808 C=B+4Tt!(T”Jt) - 
- I - I 

- - - - 
S 

- - - -

$10 X SZD*SIN (.C) - I I 

-
• - - - - - .

$20 IF 10-0 THEN 868 - - 
- - 

- 
- 

-

839 Y8=3~LGT(F(I,J)’48 
I 

- I I II~~ I 
1

:1 1

840 Y—--S*DtCOS(C)*SIN(A)+S*COS(A)*Y8 - - 
1

~ 
- - I • 

- 
-

850 60 10 870 - 
I 

I
I
~~~

I I
I 

I 1 1

. 1

$60 Y —S*D*COS(C)*SIN(A)+S*COS(A)*F(1,J) - - -

- - 
I I I 

- 
-

$70 IF 1)1 THEN 890 - - 
I - I - - I -

$89 MOVE N ,? - 

I 
I
-

I
l - . 1 ~- - ‘

~

S 89$ DRAW N,? - 
I - - - I I

II 

I I

908 NEXT I I I •
~~~

• - 

I 
-

1
.1 - - _ •l I  

- I
I - - - 

-9IO HEXT J I 
- I -

I 
- - -

-  —82— 
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920 CO TO 2050 
- 

I - I 
-

‘ 
O 

930 FOR 1-1 10 24 - - -

940 1.11=20*1.1(1) I 
- - -

958 V2—V1 t2 I 
- 

- I 

I 
I

I 
I ~~ - 

I 
-

960 13:0 - - - 
I 

- - I

970 1i(H7)’9 - 
I -

980 YB—— I - - -

990 FOR J=1 10 1-I? I II :

1 

-

1008 IF J=1 THEN 1048 I 
- - 

- 

~~I1818 T3 T3+T1(J—1) - 

- 
- - . 

- - 

-
I 1020 T J+13—1 - - 

- 1 

- 
- 

-

1030 GO TO 1050 
I I - - - - . 

- 
-

1040 10 - - - 
- I 

- I —

1050 D SOR(U2+1t2) I - - 
—

• 1869 C B+ATN (T/V1) - 

I
- - -

1970 X=S *D *SIH(C) I 
- - - I

1880 IF LO~O ThEN 1120 - 
- - : -~~~~ -

1090 Y8=3*LGT (F (I,J))+8 - 
I I 

- - I~ 
-

1109 ?=—S*DZCOS (C)*SIH(A)+S*COS (A)*Y8 - - - - -

1118 60 TO 1130 - 
- 

I 

- - -  
- - -

1128 Y —S*D*COS(C)*SIN (A)+S*COS(A)*F(I,J) - - - - I 

- 
- 

- - 
- - -

1130 IF J)1 THEN 1158 - . 
- 

- - - - I 
- 

- -
1140 MOVE N,? - - - - - - - I 

- - 
- 

-
1159 DRAM N,? I -

- 
- 

- 
- - 

- - 
-

1160 NEXT J I - 
- 

I - 
-

- - -

1178 NEX T I - 
- l~~I 

I I I - - 
- -

1180 GO TO 2850 
I 

- - 
- 

:- 
- - 

-

1190 WIN DOW 0,25,8,30 - - - - - - : I 
-

1280 UIEWPORT 30,130,20,180 - - 
I - 

- . - 
-

1210 PAGE - I : - - 
- - -

1220 AXIS - - 
- I - -

1230 HI-I - - 
- 

- 
- -

; I 

-

124$ FOR 1*1 TO 24 - 
I I • I

l
l I - : -

1258 X=20*U(I) - I - 1 : - I l l  - . . . 
- 

-

S 1260 IF 1820 THEN 1290 I - 
- -

1270 Y~S*El*(LOG (F (I,J))+E2) - 

I 
-

1288 GO 10 1330 - 
-

1290 ?SF (I,J) - 
- - -  

- : -
1388 IF 1>1 THEN 1329 - I - I 

:
1 I 

- 
-

1318 HOVE N,? - - - - I I - - 
- 

I

1320 DRAW N,? - I - -  -
- 

I 
-

1330 NEXT I I - - - - -

- 1340 HONE I - 
II 

- - 
I -

- 

- 1350 GO TO 2058 - - - 
- 

I - - - I

1360 RETURN I 
I - I 

-

1378 K? 0 - 
- 

I - I I 
- 

- -

1389 PRINT ‘ STORE DATA OIl FILE • ‘I - -

— I 1390 INPUT NB - I
•
I 

I 

-

-j  1400 FIND NO - 
- 

I - I

1410 PRINT 833:L9 I - - :
1420 PRINT 833:L? - - 

- 
- - 

-

1439 FOR K—I 10 1-17 - 
- - - 

-

I - - - -
- - 

- 1440 PRINT 833:11(K) I . 
- 

1 

- 

I
I 

I • - -~ 

-

3458 PRINT 833:12(K) - - - 
- 

- 
- -

I

1469 PRINT €33:K? 
- 

- 
I

1478 FOR I—I TO 24 - - I 

* - I

1480 R 2 1 1 1  I - 
I• - 

I I -

1490 R3=I>11 - : 
- -

1500 R1=l+R2.2*R3 - - ~~~~~~~~~~~~

1510 K0 11?.09429—2?.?44?86*LOC(R1*F(I,K)) - - -
1520 PRINT &33:k0 - II - - I 

•
I

H - I53B HEXI I - I 
- I

1548 FOR N—I TO B - 
1 .1 1 

I I
•
~~ 

I

*550 PRINT 833:K? I I
-

1569 NEXT M - - I I

1570 NEXT K - - 
~~~ - 

- 
- :1 

I
I - :-

1589 PRINT ‘DATA STORED IN FILE 0 9118 
- - I 

: - - - 
I

S 1598 RETURN - 

- - - 

- 
- 

II• 
I 

- 

- -

1660 PRINT ~~~~ _ RETRIEVE DATA FROM FILE 8 ‘1 ~•~~~~~~~~~~~~~~~ II
• - :1 

~~ 

- ~~ 
1
.

1

:~~~~ 
I I

I

1610 J 1  - - •
I I 

- -
~ I I 

- 
- 

- - 
:~ - -~ --
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_ _ _ _ _ _  -~~ - -— ----
~~
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~~~~~~
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~~~~
- -

~~~~~ 

~

I- 

I

1620 INPUT NO 
- 

- . -

O 1630 FIND NO - 
- 

- 
- I

1640 PRI N T • _START 111TH SPECTRUM DAY HOUR: 9 - 
- 

I

1650 INPUT N0,NI - I 
- .

1660 PRINT • LAST SPECTRU M AT DAY HOUR: 9 - 
I - 

- I

1670 INPUT 01,02 
-

1680 INPUT 833:19,1? - 

- 
- 

I - -

1690 L9 L9+I908 
I -

170$ INPUT 833:L1 (J),L2 (J) - I -

1718 IF L1 (J) (fl3 THEN 1758 
I 

I I  

-

1720 IF L2(JXIII THEN 1758 - 
I - I 

-

1733 18=12(J) - 

- 
- - I

1740 60 TO 1790 - - I

1750 FOR I—I TO 33 
- 

. ~
- - -:.

1768 INPUT 833:K? 
I 

- - 
I I  

I I I

• 1710 NEXT I - - 
- 

- - 

1780 INPUT 833:Ll(J),L2(J - 
- 

I 
- I - - -

*798 INPUT 833:K? - I I -  
I 

- 

- 

-

1800 FOR 1=1 10 24 - 
I 

•

I 
- - - -

1819 INPUT 833:X? I 
- 

- 
-

1829 R2—I=11 - - 
- 

-

1838 R3=I>l1 
- - - - 

I -
1840 R1=1+R2+2*R3 -
1850 F (I,J =68,0612*9.964599tK?,R1 -- I  

- -

I$6O NEXT I I I I I~~ -

1878 FOR 1:1 TO 8 
~~~~~~ II 

I 

- 
I
I

I 
I 

I - I I I 

- I 
II 

- - 1880 INPUT 833:K? - 
- - - 

- 
- -

1890 NEXT -I - 
I I I

I 
I • 

- -~~~
-- :-

1988 IF J 1  THEN 1998 ~II -
- I • I I - 

-

19)0 L6 L8 :-~ 
I~~~I - - I -

1920 L8 L2(J) I - 
I 

I : I : - 

I - 
-

- 1938 L3’L8’L6 - I - 
- - I - 

- 
I I I

. :  - - - . - - 
-

1940 IF 13>8 THEN 1968 I  
~~~~~~~~~~~ 

-
- I

1959 13—13+2400 -
- - 

~~~~~~~~~ - -

S *960 IF 13<40 THEN 1988 
I - I - I - - I

1979 L3=13-49 -
1980 T1(J—1)=L3’2—I - - 

-
- - I 

I I I 

I 

- 
I

1990 J—J+1 - 
- I I 

-

2000 IF LI(J—1)<O1 THEN 1780 - 
- 

-

2810 IF L2.~J—1XO2 THEN 1788 
- 

I I I

2820 N?=J-1 - I

- I  2038 PRINT .. DATA RETRIEVED CFROM FILE * ;HB - - - I

2848 RETURN - 
- . 

- - 
-

2850 HOIIE - - 
- - 

-
— I 2068 PRINT __‘,L9 - - - 

- . -

2970 IF L7=1 THEN 2189 - - - - 
- 

- 

-

2880 PRINT • So1r~d h A ’ - - - I 
- -

2098 CO TO 2110 - 
I - 

-

2188 PRINT • Sol rad 118’ - - 

-

— 
2118 IF HI—I ThEN 2150 - - . - 

I

2128 PRINT LUI);L2(1) - I 
I 

- -

2130 PRINT LI(H?)1L2(N?) - 
I I -

2148 CO TO 2198 
- I 

- 
- - 

I -

2150 PRINT Ll (J ;L2 (J) - 
-
I 

I I 
- -2168 PRINT • IN D EX — 9J I - - - I 

- - -

- - 
- 2170 IF 10=0 THEN 2190 - I - - - 

I I I 
-

2180 PRINT ~~~. SCNI—log plot’ - I - - I - 
-

2198 HOME - - I- - - -

2208 RETU RN - I •
I 

- 
I S - 

:1

1
1 

I 

I
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